Introduction
Due to their unique structural properties, ionic liquids (ILs) have established in the recent years as highly promising class of solvents, materials and performance chemicals. 1 However, for many prospective applications in which the extremely low vapor pressure of ILs would be of great advantage, e.g. as heat transfer media, 2 in high temperature catalysis 3 or in separation processes, 4 their limited long-term operational stability at temperatures above 250 °C has been found a serious limitation. 5 The upper operational temperature limit of IL utilization is defined by both IL thermal decomposition and IL evaporation processes. Concerning IL decomposition, different mechanisms are discussed in the literature depending on the type of IL under investigation: For protic ionic liquids, thermal decomposition occurs through the protonation equilibrium between the salt form and the corresponding acid/base pair. The higher the pK a difference between acid and base the higher is the thermal stability of the protic salt. 6 For non-protic ionic liquids, elimination of alkyl groups by breaking a carbonhetero atom bond is the first major decomposition process during heating-up. In this process, the IL stability is a function of the counter-ion nucleophilicity with stronger nucleophilic anions leading to lower decomposition temperatures. 7 Note that the determination of thermal decomposition limits of ILs is not trivial. Apart from the very strong dependence of all stability data on the IL quality 9 and some reported dependency on the sample pans used, 5 there is a strong influence on the heating ramp in thermogravimetric analysis (TGA) experiments as both, decomposition and evaporation, are kinetic processes that proceed to a different degree with time. For example, MacFarlane and coworkers have shown, that the temperature at which 1% thermal degradation of [EMIM][NTf 2 ] occurs is 307°C if the ionic liquid is exposed to thermal stress for 1h while it is only 251°C if the ionic liquid is exposed for 10h. 10 In addition to thermal decomposition, mass loss by IL evaporation in form of neutral ion pairs also occurs at elevated temperatures and reduced pressures. 11 This process has been found to be of high practical relevance, e.g. for the controlled deposition of ultrathin IL films. 12, 13 It may, however, also limit technical operation with ionic liquids in open systems at high temperatures. Recently, it has been shown that special TG experiments allow discriminating between thermal decomposition and evaporation by applying a combination of non-isothermal ambient pressure measurements with an overflow of inert gas with isothermal experiments conducted at high vacuum using a magnetic suspension balance. 
Results and discussion
To start with, we determined viscosity and density data of the two pure salts at 200 °C (Table 1) . Furthermore, non-isothermal TG-experiments at different heating rates (0.5, 2, 10 K min -1 ) were conducted. In order to discriminate between thermal decomposition and evaporation during these experiments, the latter were carried out in helium and nitrogen flow (100 ml min -1 NTP). This method and the subsequent data evaluation was already published by some of us recently. 14, 18 The normalized rate of mass loss (derivation of mass signal m; DTGsignal; normalized to initial mass m 0 ) due to evaporation and/or thermal decomposition for a component i during such nonisothermal TG-experiments is expressed by:
M stands for the molar mass of the sample; A C for the crucible's surface; R the molar gas constant; D i,g for the binary diffusion coefficient of the sample in the gas phase (N 2 and He; in this work the well-known correlation of Fuller, Schettler and Giddings was used with a maximum average error of about 15% 19 ); d C for the diameter of the crucible and T the sample temperature. The Sherwood number Sh d for a crucible (h C crucible's height; h F crucible's actual filling height) in transversal gas flow is given by:
with the Reynolds number
using the superficial velocity u and the kinematic viscosity ν g of the carrier gas g. The Schmidt number Sc is defined as the ratio of the kinematic viscosity ν g to the binary diffusion coefficient D i,g . The vapor pressure p vap was calculated by a simplified Antoine equation assuming a constant (temperature independent) entropy term C vap and a constant enthalpy of vaporization Δ vap H:
The rate of the thermal decomposition was calculated assuming a first order reaction with the rate constant k decomposition and the formal kinetic parameters k 0 and E A :
It should be emphasized that the formal kinetic estimates represent kinetic parameters for a global model in order to describe only the thermal decomposition at low conversion and not the complex chemical reactions in the course of decomposition. Eq. 1 was solved numerically using the software Berkeley Madonna (Robert Macey; University of California). To get a first impression on the thermal stability of both salts in direct comparison, Figure 1 . All three salts were first kept in the TG set-up at 120 °C for one hour to allow traces of humidity to be released. Then, the samples were heated with a defined heating ramp (2 K min -1 ) under a constant nitrogen flow. The behaviour of this eutectic mixture under thermal stress has been determined by the same TGA-method already used for the pure salts. Figure 3 shows the measured rate of mass loss (normalized to initial mass; see refs. 14, 18 ) and the calculated contributions of evaporation and thermal decomposition. Interestingly, the obtained overall rate of mass loss can be calculated over a wide range (until 60% mass loss) applying Raoult's law to an ideal mixture composed of independent ILs; i.e. the normalized mass loss (eq. (1)) and the effective available surface area AC in eq. (1) was calculated iteratively for each IL after each time step separately. Figure 3 shows the results of the simulations. In the context of applications where a thin salt film coats a high surface-area support (e.g. SILP catalysis), the outermost surface is the dominating interface for substrates entering the reaction medium and for products leaving the reaction system. In order to elucidate the surface composition of our salt mixtures, we performed angle-resolved X-ray photoelectron spectroscopy (ARXPS) under ultra-high vacuum conditions, similar to earlier measurements for acetate salt mixtures. A pronounced surface depletion of the phosphonium cation is deduced from the 80° spectra, where more than ~80% of the detected signal originates solely from the topmost layer: Whereas the Cs cation signal and the anion's CF 3 Viscosity measurements. The viscosity measurements were carried out with a rotary viscosimeter DV-II+ Pro Extra (Brookfield) with a home-made heating device using standard spindles in a temperature range from 120 to 250 °C. Binding energy / eV
